The chemical compositions of stars encode those of the gas from which they formed, providing important clues regarding the formation histories of galaxies. A powerful diagnostic is the abundance of α elements (O, Mg, Si, S, Ca and Ti) relative to iron, [α/Fe]. The α elements are synthesized and injected into the interstellar medium by type II supernovae, which occur about ten million years after their originating stars form; by contrast, iron is returned to the interstellar medium by type Ia supernovae, which occur after a much longer timescale of roughly one billion years is partially explained by the spatial variation in this gas-accretion history.
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. Periods of rapid star formation therefore tend to produce high-[α/Fe] stellar populations (because only type II supernovae have time to contribute to interstellar-medium enrichment as the stellar population forms), whereas low-[α/Fe] stars require periods of star formation that last more than a few billion years (over which timescales type Ia supernovae begin to affect the elemental composition of the interstellar medium more strongly than type II supernovae). The existence of two distinct groups of stars in the solar neighbourhood [2] [3] [4] [5] [6] [7] , one with high [α/Fe] and the other with low [α/Fe], therefore suggests two different origins, but the mechanism by which this bimodal distribution arose remains unknown. Here we use a model of disk-galaxy evolution to show that the two episodes of star formation 8 predicted by the 'cold flow' theory of galactic gas accretion 9,10 also explain the observed chemical bimodality. In this scenario, the high-[α/Fe] stars form early, during an initial phase of accretion that involves infalling streams of cold primordial gas. There is then a hiatus of around two billion years until the shockheated gas in the galactic dark-matter halo has cooled as a result of radiation and can itself commence accretion. The low-[α/Fe] stars form during this second phase. The peaks in these two starformation episodes are separated by around five billion years. In addition, the large-scale variation in the abundance patterns of these two stellar populations that has been observed for the Milky Way 5, 7 is partially explained by the spatial variation in this gas-accretion history.
The Milky Way galaxy provides an excellent test bed for models of the chemical evolution of galaxies because its individual stars can be resolved and examined in detail, unlike most other galaxies. The bimodality [2] [3] [4] [5] [6] [7] that has been observed in the chemical composition of stars in the solar neighbourhood is generally assumed to suggest (although some scepticism remains 11 ) that star formation in this region did not proceed continuously but halted for a certain period, leading to two separated episodes of star formation 12, 13 . How star formation proceeds is largely governed by how the primordial gas accretes onto the forming galaxy. The longstanding paradigm-the shock-heating theory-argues that the gas that entered the dark-matter halo is heated to a high temperature by a shock wave that provides sufficient pressure for the gas to maintain equilibrium within the gravitational field of the halo. Then, the gas cools by emitting radiation and accretes gradually to the forming galaxy at the centre (hot-mode accretion) 14 . On the basis of detailed numerical simulations, a different hypothesis has been put forward that proposes that a substantial part of the primordial gas remains cold and reaches the galaxy in narrow streams in an almost freefall fashion (the 'cold flow' theory) 9, 10 . A hydrodynamical simulation in growing dark-matter haloes 8 predicts the presence of a gap in gas accretion (figures 2-4 of ref. Letter reSeArCH disk growth (figures 9-11 of ref. 8 ), providing a viable basis for a more detailed understanding of chemical evolution.
This work, based on these findings, takes this idea one step further by incorporating the star-formation process and chemical evolution in a simple model of disk-galaxy evolution, with the aim of clarifying the origin of the observed chemical bimodality. In the model, a growing dark-matter halo gathers the surrounding primordial gas, which subsequently accretes to the disk component of the galaxy and forms stars 15 . We construct two models with different gas-accretion histories, corresponding to the shock-heating and cold-flow scenarios. (Fig. 1e, f) . The locations of the two stellar groups in the cold-flow model agree with those observed by APOGEE 4 . The period of dormant accretion about 6 Gyr ago (shaded part in Fig. 1a ) is an essential event that contributes to creating the well-defined bimodality in the cold-flow model. How this gap arises is clarified in Fig. 2 . We define t ent to be the time when the primordial gas enters the dark-matter halo and T as the cosmological time from the beginning of the Universe. At t ent ≈ 4.3 Gyr, the shock-heating model starts to accrete gas on the timescale of cooling, as opposed to that of freefall, and its accretion is delayed with respect to the freefall accretion in the cold-flow model. In the cold-flow model, the gas that arrives at the disk at T ≈ 8.6 Gyr in the shock-heating model is already accreting at T ≈ 7.3 Gyr. At t ent ≈ 6.3 Gyr, the cold mode of accretion ends and the gas accretion is switched to the hot mode in the cold-flow model. Therefore, the gas that enters the halo after t ent ≈ 6.3 Gyr will not accrete until T ≈ 8.6 Gyr. This change in the accretion mode gives rise to a period in which accretion is halted (shaded region in Fig. 2 ), as documented in the previous numerical study 8 . After t ent ≈ 6.3 Gyr, the two models accrete gas on the timescale of cooling. Although the detailed times have a significant uncertainty of 1-2 Gyr depending on the assumed galactic mass, the prediction of the gap in the cold-flow model is robust. Figure 1 details the evolution as dictated by the cold-flow model. The first phase of gas accretion induces a brief period of active star formation with a half peak width of about 2 Gyr, and α elements start to be released immediately by type II supernovae. This star formation begins to weaken before a large amount of iron starts to be supplied by type Ia supernovae. 13 reveals a gap about 7 Gyr ago, in agreement with the prediction of the cold-flow model.
Recent large-scale surveys such as GAIA-ESO 16 , APOGEE 17 and HARPS GTO planet search 18 extend the stellar-abundance study to a sizable fraction of the Milky Way, reaching more than 10 kpc from the Sun. The prediction of the cold-flow model can be compared to the observations for this large-scale region of the Galactic disk. Figure 3g -i shows the distribution of stars in the chemical diagram for three different regions: the inner disk, the solar neighbourhood and the outer disk.
In view of the idealized nature of the model, here we focus on the peak positions and the relative dominance of the two stellar groups. The low-[α/Fe] sequence increases its dominance over the high-[α/ Fe] one with increasing distance from the Galactic centre, in agreement with obseravtions 5, 7 . This is because the second phase of accretion, which increasingly dominates (Fig. 3a-c) , involves the gas with higher angular momentum, which accretes onto larger radii. This behaviour is consistent with the result from a more detailed simulation 19 . We also note that the [α/Fe] ratio of the low-[α/Fe] sequence increases with radius in the model, whereas its [Fe/H] decreases. This is because the outer disk is still in a younger phase of chemical evolution at present, making stars from interstellar medium that is not yet heavily polluted by iron (Fig. 3f) . The decrease in [Fe/H] with radius from 0.13 to 0.01 to −0.26 is in fair agreement with the observed decrease from 0.2 to 0.05 to −0.3, although the model [α/Fe] varies more strongly than the observation. This may be due in part to the idealization of the model, which assumes that the stellar yields and star-formation efficiency are constant, whereas there is evidence that these quantities can be variable 20, 21 . The model is not intended to be complete at this stage. The two stellar groups are closely related to different structural components of the Milky Way 7 . Most high-[α/Fe] stars belong to the thickdisk component. The low-[α/Fe] stars tend to have small velocities perpendicular to the plane of the disk and hence contribute to the thin disk. There is an argument 22, 23 that the formation of thick and thin disks is not strictly sequential but partly overlapped in time. If this is the case, then the simple time sequence of chemical evolution shown in the model should be revised. More realistic but expensive simulations that treat chemo-dynamical evolution directly 24 are required to address these kinematic issues.
Recent advances in observational techniques make the galaxies in the Local Group and other nearby galaxies feasible targets for studying star-formation history by examining the colour-magnitude diagram of their member stars [25] [26] [27] . Because these spiral galaxies span a wide range of masses and the cold-flow theory predicts different evolutions depending on galactic mass, this nearby sample of galaxies provides powerful diagnostics for the theory.
M31, the largest galaxy in the Local Group, seems to have experienced two episodes of star formation separated by a break about 6 Gyr ago 25 . The cold-flow theory predicts that the quiescent period between the two star-formation phases becomes longer for more massive galaxies; the break observed in M31 seems to be more prominent than the one inferred for the Milky Way 25 , in agreement with this prediction. M33 and NGC 300, which are several times less massive than the Milky Way, have signatures of inside-out formation and their star-formation histories seem to be monotonic 26, 27 . According to the cold-flow model, the Milky Way has approximately the minimum mass for which a clear star-formation gap is expected. Observations of M33 and NGC 300 26, 27 appear to support this prediction, although the data include a large uncertainty. 
Letter reSeArCH
Detailed simulations suggest that the evolution of disk galaxies is a complex process that involves the interplay of multiple pathways 28 . For example, the formation of the high-[α/Fe] sequence by gas-rich mergers at early times is recognized in some cases 28 . Radial migration of high-[α/Fe] stars may contribute to bimodality 11 . The simple model used here isolates the effect of cold flows and highlights their role. The cold-flow hypothesis can explain the red colour of massive elliptical galaxies, in combination with the energy feedback from active galactic nuclei 29 . It also provides a plausible interpretation for the high incidence of strongly star-forming galaxies at high redshifts 30 . Finally, the cold-flow model not only is applicable to a large population of distant galaxies but also provides a possible explanation for the diversity in nearby individual galaxies, including the Milky Way.
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